Objectives: Mandibular cortical width (MCW) detected on panoramic radiographs may be useful for identifying postmenopausal women with osteoporosis. There is little known whether alveolar bone loss (ABL) of the mandible detected on panoramic radiographs is a potentially accurate screening tool for osteoporosis in comparison with MCW. The purpose of this study was to evaluate whether ABL of the mandible on panoramic radiographs is useful for identifying femoral osteoporosis in postmenopausal women in comparison with MCW.
Introduction
Osteoporotic fractures are a health burden worldwide, resulting in the reduction of physical activity, increased risk of mortality and incremental medical costs. The occurrence of a hip fracture from osteoporosis is associated with an increased risk of death even after prefracture health status is taken into account. 1 Since dual energy x-ray absorptiometry (DXA) is the most reliable way to determine bone mineral density (BMD), which is one of major risk factors for fractures from osteoporosis, the patients with high-risk of osteoporosis should be referred to medical professionals for BMD assessment. However, only a few BMD measurements are obtained among patients, especially postmenopausal women, in high-risk groups because of no symptom prior to fractures. 2 A large segment of postmenopausal women with a high-risk of fractures from osteoporosis still remain undiagnosed. 3 Most of the elderly have an opportunity to visit dental clinic for the treatment of dental caries or periodontal disease more likely than medical clinic for the diagnosis of osteoporosis prior to fractures. A large number of panoramic radiographs (approximately 10 million annually in Japan) are obtained for the diagnosis and treatment of teeth and jaws in dental clinics. Several studies suggest that mandibular cortical width (MCW) detected on panoramic radiographs may be useful for identifying postmenopausal women with low skeletal BMD or osteoporosis. [4] [5] [6] [7] [8] [9] [10] On the other hand, some investigators report that a larger alveolar bone loss (ABL) of the mandible may be associated with lower skeletal BMD or osteoporosis in postmenopausal women [11] [12] [13] [14] [15] ; however, a statistically significant association between ABL of the mandible and skeletal BMD in these previous studies does not imply that ABL of the mandible may be a potentially accurate screening tool to detect osteoporosis in postmenopausal women.
We cannot still determine whether postmenopausal women with a larger ABL of the mandible and a thicker MCW or those with a smaller ABL of the mandible and a thinner MCW have high-risk of osteoporosis, because there is little known whether ABL of the mandible detected on panoramic radiographs is a potentially accurate screening tool for osteoporosis in comparison with MCW.
Therefore, we evaluated whether ABL of the mandible detected on panoramic radiographs is useful for identifying femoral osteoporosis in postmenopausal women in comparison with MCW.
Materials and Methods

Study sample
Of 676 women who visited our clinic for BMD assessment between 1996 and 2003, 354 postmenopausal women (mean age +/-SD, 56.8 +/-7.7 years) were recruited for this study. Of these subjects, 115 (33%) had undergone hysterectomy, 26 (7%) had undergone unilateral oophorectomy, 71 (20%) had undergone bilateral oophorectomy, and 79 (22%) currently used estrogen. Women who did not give informed consent for taking panoramic radiographs at skeletal BMD assessment were excluded from the study. Furthermore, excluded from the study were postmenopausal women who had used tobacco or medications that affect bone metabolism except estrogen or who had metabolic bone diseases, diabetes, significant renal impairment, bone-destructive lesions (osteomyelitis or malignant tumor) in the jaw, non-vertebral osteoporotic fractures, and vertebral osteoporotic fracture detected on lateral spine radiographs at skeletal BMD assessment. All subjects gave informed consent before inclusion.
Hiroshima University Institutional Human Subjects Committee approved taking dental panoramic radiographs in subjects with informed consent.
BMD assessment and dental panoramic radiography measures
BMD at the femoral neck was determined by DXA (DPX-alpha, Lunar Co., Tokyo, Japan) and film (UR-2, Fuji Photo film Co., Tokyo, Japan) were used.
The mandibular total bone height (TBH) and basal bone height (BBH; height from the center of the mental foramen to the inferior border of the mandible) at the site of mental foramen were measured bilaterally using a calipers on panoramic radiographs by one oral radiologist (A.T.) with 17 years of clinical experience according to our previous study ( Figure 1 ). 17 Mean TBH/BBH ratio on both sides was calculated to estimate the degree of ABL of the mandible. Low TBH/BBH ratio indicates high ABL of the mandible. The coefficient of variation due to TBH/BBH measurement error was 2.8% in ten randomly selected panoramic radiographs. Precise number of teeth remaining was also counted on panoramic radiographs.
Measurement of MCW was made bilaterally on the radiographs at the site of mental foramen according to our previous study. 6 A line parallel to the long axis of the mandible and tangential to the inferior border of the mandible was drawn. A line perpendicular to this tangent intersecting inferior border of mental foramen was constructed, along which MCW was measured by a calipers (Figure 2 ). Mean cortical width on both sides of the jaw was used in this study. The coefficient of variation due to positioning error and operator error in cortical width measure was less than 2%.
Intra-observer variation in cortical width measure was 0.1mm, which was similar to inter-observer variation.
Data analysis
A stepwise multiple linear regression analysis adjusted for age, height, weight, (1-specificity) was established for each of different operating points. Based on these observed pairs, ROC curve was obtained and the area under the ROC curve (AUC) was calculated. 18 According to an arbitrary guideline, 19 we distinguished between non-informative (AUC=0.5), less accurate (0.5<AUC<0.7), moderately accurate (0.7<AUC<0.9), highly accurate (0.9<AUC<1) and perfect tests (AUC=1). Data analyses were performed using Statistical Package for the Social Sciences (SPSS; version 8.0; SPSS Inc, Chicago, IL). P-values less than 0.05 were considered statistically significance.
Results
Characteristics of study subjects according to femoral BMD category are shown in Table 1 . There were statistically significant differences in age (p<0.001), height 
Discussion
This study is the first report as to whether postmenopausal women with femoral osteoporosis are identified accurately by the degree of ABL of the mandible detected on panoramic radiographs. In this study, a lower femoral BMD was significantly associated with a larger ABL of the mandible detected on panoramic radiographs in Japanese postmenopausal women. This result is in accordance with the results of the previous studies [11] [12] [13] [14] [15] ; however, area under ROC curve (AUC) for identifying postmenopausal This study has limitations. All subjects of this study were not healthy volunteers from the community, but were patients who visited our clinic for BMD assessment. Our subjects, therefore, are not representative of normal Japanese postmenopausal women.
This may limit the interpretation of our findings. Iki et al. recently reported that in the healthy Japanese women aged 50 to 79 years, the prevalence rate of osteoporosis according to WHO classification was 11.6% at the femoral neck. 22 We directly cannot compare our subjects with their subjects; however, the prevalence rate of femoral osteoporosis in their study was similar to that (14.7%) in our study.
Second limitation is that we did not estimate oral bone height of both jaws, but of only the mandible. Some investigators traditionally measured alveolar bone loss, the distance from cemento-enamel junction to the alveolar crest, around the remaining teeth of both jaws using intra-oral dental radiographs such as bitewing dental radiographs. [13] [14] [15] However, this method limits the subjects because the edentulous subjects or subjects with few teeth will be excluded prior to the study. We may not be able to estimate oral bone height of both jaws in this study; however, bias for sampling the subjects will be at least minimized compared with that in using traditional dental radiographic methods.
In conclusion, a lower femoral neck BMD was significantly associated with a larger Results are shown as mean +/-SD or number of subjects (% subjects). a Alveolar bone loss of the mandible is the ratio of the radiographic mandibular total bone height to mandibular basal bone height. a Alveolar bone loss of the mandible is the ratio of the radiographic mandibular total bone height to mandibular basal bone height.
